ABSTRACT
INTRODUCTION
ccording to a recent report by the President's Council of Advisors on Science and Technology (PCAST, 2010) , over the next decade the nation will have a serious shortage of STEM college graduates. This report estimates the shortage to be a million STEM college graduates. Maltese and Tai (2011) report that while the overall award of undergraduate degrees in the nation has increased by a factor of three, this is not the case in the case of STEM disciplines. In fact, according to the National Science Foundation, in 2006 the relative percentage of students receiving STEM degrees were at levels no different or lower than those of the past ten years (NSF, 2012) .
However, according to the Bureau of Labor Statistics (2014) by 2018, more than 3 million job openings will be created in STEM disciplines. The Department of Commerce (2012) estimates that in the coming years STEM occupations will grow 1.7 times faster than non-STEM occupations. Thus, there is a critical need to remedy this shortage of STEM professionals so as to ensure continued growth in the economy. Although various sources (Teitelbaum, 2014) and (Charette, 20130) challenge the shortage argument, They do admit to the great importance
BACKGROUND
Included in this section is a review of research on "retention" and on "persistence". Formally, theories of retention deal with institutional efforts, while those of persistence deal with individual student behavior (Reason, 2009) . In this paper, we draw upon findings from both bodies of literature to shed light on the totality of the factors that influence "why students leave college STEM fields of study".
Theories on Student Persistence and Factors of Influence
When college student retention theories first evolved some 45 years ago, the issue was viewed through the lens of psychology. Student retention was thought to be a function of individual motivation, attributes, and skills. Thus, there was the notion that students failed, not institutions (Tinto, 2007) . From the 1970s onward, this view of retention yielded to one that focused on the relationship between students and society. As a result, greater emphasis was placed on the role of institutions in students' decisions on whether to stay or leave (Spady, 1971) . Since then, several major theories/models have tried to explain student retention/attrition; the Center for the Study of College Student Retention lists as many as eight. Of these, two have dominated the theory and practice of retention:
1.
Tinto's academic and social integration model (Tinto, 1975 (Tinto, , 1987 (Tinto, , 1993 and 2.
Astin's involvement model (Astin, 1975 (Astin, , 1977 
Tinto's Model of Academic and Social Integration
Tinto's model has paved the way for a sociological analysis of retention that has been popular for several decades (Noel-Levitz, 2012) and postulates that persistence occurs when students successfully integrate into the institution academically and socially. Integration, in turn, is influenced by pre-college characteristics and goals, interactions with peers and faculty, and out-of-classroom factors (Jensen, 2011) . Additionally, Tinto argues that the
Astin's Involvement Model
Astin's model, based on patterns of behavior exhibited by successful students, asserts that the keys to success and graduation are involvement and connection. Involvement refers to both formal academic or intellectual pursuits as well as co-curricular activities. Among the primary measures of academic involvement is time spent on academic studies and tasks, and the development of higher cognitive skills. Co-curricular involvement includes measures of participation in campus activities and membership in academic/honors associations and social clubs. Connection refers to bonding with peers, faculty, and staff as well as sharing the institution's values (Noel-Levitz, 2012 ). Tinto's model was based on traditional students in traditional residential institutions. Many scholars have modified Tinto's original model to address the role of the institution in the social and cultural integration and retention of minority students. Challenging the perspective in Tinto's model that retention depends on the student's ability to integrate and assimilate into the institution, other researchers have offered the concept of dual socialization (Rendón et al., 2004) and (Kuh and Love, 2004) . Students who make cultural connections through social groups that reflect their culture of origin are more likely to persist in higher education. Tierney's model of persistence suggests that institutions need to provide to their students the cultural capital necessary to succeed in an educational system where barriers to persistence and integration exist for minority students (Tierney, 2004 ) .
Pascarella and Terenzini's Framework for Persistence Research
Some researchers have provided a "comprehensive conceptual framework" for persistence research. Pascarella and Terenzini (2005) based on thirty years of research have concluded that multiple factors in multiple settings affect student learning and persistence. Accordingly, changes of any particular variable or set of variables during undergraduate years may not be as significant as the effect of interconnected changes. These researchers have also suggested that most studies of the college effects on students have adopted an "overly narrow" focus, in that only a handful of factors have been considered. This in turn leads to a body of evidence that "present only a partial picture of the forces at work".
Terenzini and Reason have advanced such a comprehensive and integrated model for studying student learning and persistence. Their framework extends and synthesizes models by Astin, Tinto and Pascarella and is illustrated below.
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The Clute Institute This framework arranges into four groups the wide range of factors that influence student learning and persistence. These include:
1.
Student precollege characteristics and experiences 2.
The organizational context 3.
The student peer environment 4.
The individual student experience
Higher education researchers are encouraged to look more broadly at the multiple forces that affect college student outcomes (Pascarella and Terenzini, 2005) . STEM student retention concerns can be analyzed using this framework. Such STEM retention analysis is presented in the following section.
STEM Student Retention Issues at the National Level
Studies indicate that while underrepresented minorities in STEM now account for almost 40% of K-12 students in the U.S., they earn only 17% of the bachelor's degrees in science and engineering (S&E) (Committee on Underrepresented Groups and the Expansion of the Science and Engineering Workforce Pipeline, 2010.). In particular, data also suggest that while the number of Hispanic students participating in postsecondary education has been on the rise, percentage wise, Hispanics are underrepresented from standpoints of pursuing and attaining STEM degrees (Young, 2005) . Research also reveals that Hispanics are less likely to earn undergraduate degrees in biological and life sciences, computer and information sciences, and the health professions and related sciences (Nora and Crisp, 2009 ). Indeed, NSF data indicate that of 436,372 bachelor's degrees awarded in S&E to U.S. citizens and permanent residents, only 7.3% were earned by Latino students. Significantly larger percentages (65.1%) of White, non-Hispanic students earned S&E degrees (NSF, 2006) . Data from the Higher Education Research Institute indicates that 16% of Hispanics who began college in 2004 as STEM majors completed a STEM degree by 2009, in contrast to White students who did so at the rate of 25% (Higher Education Research Institute, 2010) . Within the Latino population there is disparity in participation between males and females. Latinas are underrepresented in STEM disciplines even though they enroll in college at greater number than Latinos (NCES, 2005) .
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SELF STUDY PART 1-STEM STUDENT RETENTION DATA ANALYSIS

STEM Student Retention Issues at Texas State University
The first part of this self-study was an in-depth multi-year data analysis of student retention statistics for STEM students at Texas State University. Such an analysis is important to the institution and should also prove to be very relevant to the national dialogue on STEM retention. According to the Institute for Higher Education Policy (2012), Minority Serving Institutions (MSIs) are key intermediaries to improving the quality, availability and diversity of the STEM educational pipeline (IHEP, 2012) . Also, HSIs are responsible for awarding nearly 40% of all bachelor's degrees conferred to Latinos. Thus, HSIs are positioned to provide important pathways to STEM fields by virtue of the large number of Latinos they serve (Dowd et al., 2009) . By way of definition, HSIs are those institutions where Latinos account for 25% or more of the full-time equivalent enrollment. Research also indicates that 20% of the bachelor's degrees awarded to Latinos in STEM fields are from HSIs. Texas State University, a large public university whose overall enrollment has grown over 45% over the past ten years (from 25,025 in fall 2003 to 34,225 in fall 2013), has a long-standing tradition of serving Hispanic students and was designated as a HSI in 2012 (Dowd et al., 2010) .
STEM Classification of Instructional Programs
The category of science, technology, engineering and mathematics fields of study, identified by the acronym STEM, can be defined in many different ways. The taxonomy developed by the U.S. Department of Education's National Center for Education Statistics (NCES, 2002) offers a useful coding for the Classification of Instructional Programs (CIP) and provides a scheme to support the accurate tracking, assessment, and reporting of fields of study and program completions activity. The NSF definition includes 9 CIP codes (NSF, 2014), however, in order to provide a clear but narrow focus, in this study, STEM is defined using the combination of CIP codes that is defined by the State of Texas Higher Education Board (THECB, 2013) to describe physical science and engineering majors; the following 4 digit codes and majors are included in this definition: Using this definition for STEM, and limiting the analysis to include only undergraduate majors in STEM, the following chart shows that of the 2,177 STEM majors, 87% of STEM majors were in 8 majors (computer science, electrical engineering, mathematics, engineering technology, construction science and manufacturing, chemistry, industrial engineering and manufacturing engineering).
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Figure 2. Distribution of STEM Majors at Texas State University
In 2012, STEM majors constituted about 7.4% of the overall undergraduate student population at Texas State (2,177 of 29,458).
Texas State University Student Body Demographics
In Fall 2013, Hispanics made up 29% of the undergraduate population, African American students made up 7%, and White students represented 57% of the population. 
Texas State University Enrollment And Retention Changes
However, the Hispanic or Latino enrollment has increased at a greater rate than the overall enrollment, resulting in a doubling of the number of Hispanic students. In 2003, Texas State had 4,822 Hispanic undergraduate students. By 2013, that number had grown to 9,558, a 113% increase. The chart below depicts this growth.
Figure 4. Texas State University Enrollment
Through analysis of retention rates by ethnicity and gender, several gaps were detected; Table 1 identifies those that will be addressed as part of this project.
Gap 1: STEM majors are not proportionately retained in their chosen field of study. While 67% of 2nd-year students are retained in their chosen field of study, only 56% of 2nd-year STEM majors are retained in their chosen field of study. Further to this issue, however, is the fact that the time to graduation is much slower for African American and Hispanic students. In the 2006 cohort, for example, we see that almost 20% of all White students in STEM graduated within four years, while only 7% of Hispanic students graduated within four years, and none of the African American students graduated within four years in that cohort. Even when allowing for a six year time to completion, 46% of all White students graduate within six years, while only 33% of Hispanic students graduated and only 17% of the African American students graduate within six years in that cohort. The second part of this self-study was an online survey designed to collect information and opinions from a small group of faculty from the College of Science and Engineering at Texas State University. Their perceptions regarding why some undergraduate STEM students do not persist are important and contribute to a broader understanding of the STEM higher education system. An anonymous survey was developed based on a considerable body of research that suggests that faculty have a unique perspective and indeed can have a significant impact in the support and retention of a diverse student body (Davis & Finelli, 2007; Nadelson & Callahan, 2012) . The survey was developed to help describe a set of factors that faculty and administrators identified as contributing to why STEM students leave their field of study. Further, major themes describing their recommendations for improvement were also discussed.
The Participants
Participants were nominated by their department chairs and then self-selected to participate in the online survey. Within the survey introduction they were provided with full research disclosure information. Twelve faculty members participated in all. While the sample size is relatively small, the sample is very representative in all aspects of faculty demographics to include the variety of academic units in the college, academic rank, and tenure at Texas State. All of the faculty members are also involved in academic advising. Thus, the authors are confident that the sample size notwithstanding, reliable input was obtained. The demographics of the faculty who responded were self-reported as summarized in the following figures 8-10: 
Count
Years of Experience as a Lecturer/Professor
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The Study Procedure
This first online survey administration was meant to serve as a primary source of data from a targeted group of faculty and as a pilot of the instrument for the first phase of this STEM self-study initiative. A presentation of the initiative was made to a department leadership team. These department heads subsequently invited 2-3 members of their department to participate in the online survey. The selected individuals are described above but ranged in gender, department, position, and years of experience. These individuals were contacted and provided an overview of the survey by the researcher and sent a link to the online survey. The online survey itself was used to capture consent, background information, perceptions and insight, and specific recommendations. Data was collected from a sample size group of 12 faculty of Texas State University's college of science and engineering. These surveys were administered using an online survey tool and were returned anonymously by the participants. This research involved the use of personal information and opinions of faculty members in the College of Science and Engineering. The information obtained was recorded in such a manner that human subjects were not identified, directly or through identifiers linked to the subjects. Thus, any disclosure of the human subjects' responses outside the research was not identifiable and is reported in general aggregate. In addition to the data findings presented below, a series of focus groups were organized to gather qualitative discourse data from the invited faculty. The qualitative survey is discussed in the next section entitled "Self Study Part 3".
The Instrument-Faculty Perceptions on Student Retention (FPSR) Online Survey
Analysis of the Quantitative Research Data.
Survey data was collected and is highlighted below. Figure 11 shows the factors that most faculty rated as very important in influencing a student to persist in STEM studies. Of the twelve faculty polled, the top factors selected were Study Habits (11), Confidence in Quantitative Skills (computer skills, math ability, creativity) (10), Commitment to Career and Ed Goals (10), Student Academic Achievement (GPA, etc.) (8) and Family Support (8).
Figure 12.
Factors rated very important in influencing a student to persist in STEM studies Additional data is discussed in a separate publication (Martinez Ortiz and Sriraman, 2014) .
SELF-STUDY PART 3-A FOCUS GROUP WITH FACULTY
A Focused Discussion with STEM Faculty
In addition to the quantitative self-study, a qualitative study was organized and conducted. This supporting analysis of faculty perceptions regarding why undergraduate STEM students do not persist at high rates was undertaken as a qualitative approach to help answer the research question R1: What factors do faculty and administrators at Texas State University attribute as to why STEM students leave their field of study, and what recommendations do they suggest for improvement.
The Participants
The study comprised two focus group sessions that were held with an 18-member faculty focus group -two from every STEM discipline -to understand why students leave STEM disciplines. This group of faculty was very experienced working with STEM students in their first-and second-year courses. There was a general consensus that student retention was an issue of great concern at Texas State University and that underlying causes included: an unwelcoming environment, large class sizes, high school academic under-preparedness in mathematics and science by many students, and insufficient support in instructional methodology by a substantial amount of faculty. This effort revealed and confirmed a number of trends related to students as they progress throughout their STEM studies. 
The Study Procedure
The procedure involved each faculty member to participate in a 90 minute guided and facilitated group conversation. Faculty members were asked to share their personal opinions and perceptions regarding the culture of the College of Science and Engineering in general. In addition, they were asked for their insights as to challenges and opportunities regarding STEM student persistence.
Faculty members were advised that their responses would only be noted for analysis but would not be attributed to individuals. Only written notes without speaker attributions were recorded, transcribed, and stored in a password protected electronic format. The research has been designated as exempt from full IRB review involving human subjects.
The Instrument-the Qualitative Study Focus Group Guide
Two focus group sessions were organized for a one-hour time period. The focus group facilitator utilized the outline shown in Table 2 to serve as a guide for the focus group discussion: National and State data suggests that student retention in the STEM fields is a problem on many college campuses, and that within the first two years of study, students who have expressed an intent to major in a STEM field, switch out at rates of up to 50% -they do not persist. Do you believe this to be a problem at Texas State University and if so, to what extent? 2) What might be some factors contributing to the problem?
In your experience, what are some of the motivating factors or reasons that might contribute to this problem? 3) Are there additional challenges faced by any particular groups?
Comment on whether you believe there to be any entrenched barriers, both institutional and personal, to the retention/persistence of any particular category of students (women, low SES, or people of color, LGBT, etc.) If yes, list some of these obstacles. 4) What are some of the positive factors that might encourage or result in STEM student persistence and retention?:
Identify factors or practices that you believe might keep students motivated and academically prepared to persist in STEM. 5) Make recommendations. Identify and prioritize actions that Texas State University COSE can take to increase student retention in STEM fields of study and ultimately, graduation rates in STEM baccalaureate degrees.
Analysis of the Qualitative Study Data
All participants agreed that student retention in STEM fields of study is a problem at the College of Science and Engineering. 
Focus Group Study Findings
As the conversation was wrapping up, the facilitator requested top recommendations for improving student retention problems. These recommendations are listed below: 
OVERALL CONCLUSIONS
The major aim of this study was to share a multi-faceted research approach to assist in identifying and understanding possible factors leading to college student retention and success. The three-part organizational selfstudy undertaken by Texas State University is presented as a model for other colleges and universities who are ready to take concrete action based on local data and needs. This approach is a grassroots approach in that it places great value upon the voice of the institution's faculty and empowers faculty to lead in studying and defining action items to address the changes desired. At Texas State University, the completed self-studies indicated several gaps in the state of performance and participation of STEM students. Principally, retention issues of STEM majors were identified in general and with underrepresented student groups in particular. Underrepresented students do not pursue STEM degrees at an equitable rate as that in which they pursue other degrees. In addition, many of those who do pursue STEM degrees seem to face additional challenges that result in a longer time to graduation. The selfstudy, framed by retention theories and balanced by other "voices" such as STEM student focus group data points to some of the following remedial measures: revising support and professional development for STEM instructors, providing supplemental instruction in math and science for students and including discipline specific introductory courses and early internship experiences to motivate early interest and cultivate the development of communities of learners. In addition, recent funding from the National Science Foundation will support further investigation and implementation of a variety of strategies and subsequent studies with larger samples sizes, greater use of quantitative analysis techniques and longitudinal impact measurement of STEM student retention.
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